Abstract Ð A method for visually observing tritium deposition on the surface of TFTR
Introduction
A detector for visually observing tritium deposited on the surface of TFTR D-T limiter tiles has been developed at PPPL. The detector employs phosphor coated onto a thin glass plate or a mylar film matrix. The phosphor surface is positioned on or slightly (~ 1 mm) above a tritiated carbon based limiter tile. Visual tritium detection occurs when tritium beta particles emitted from the surface of the tile [1] interact with the phosphor coated material. The surface of the TFTR limiter tiles contain varying concentrations of tritium which have been co-deposited [2] .
The distribution of tritium on the surface of the tile has been found to be nonuniform, and requires analysis to understand the dynamic distribution of this material. The interaction of tritium beta particles with P31 phosphor leads to the generation of a visible light with a wavelength peak of 530 nm [3] . The employment of a visual detection method for determining tritium concentrations on the surface of materials is of considerable interest. Visual detection systems for tritium employing phosphor as the active medium provide a nondestructive, fast, reproducible, and inexpensive method for visually observing tritium concentrations on surfaces. Experimental results employing this configuration show a relatively strong production of photons, which were easily observed by the unaided (dark adapted) eye. An added benefit to this detection configuration is that it is not susceptible to gamma radiation in mixed radiation fields. The chamber was sealed and placed in a dark room. After several minutes personnel in the room were able to observe visible light emanating from those sections on the tile where the phosphor had been placed (Fig. 2) .
Figure 2. Lexan Observation Chamber
A control surface which employed a non-tritiated surface similar to that of the tile was also positioned in the room in a similar fashion with phosphor. The control was placed next to the lexan observation chamber and remained black with no signs of visible light during the extent of the experiment.
Currently a more sensitive (light imager) configuration is being fabricated, which is expected to visually detect much lower concentrations of tritium. The new system (Fig. 3) employs a highly sensitive charge-coupled device (CCD) [5] which is internally cooled to 10 °C. The silicon based CCD (model KAF1400) imager is extremely sensitive to visible light. In crystalline silicon, the atoms are covalently bonded to form a lattice structure. Photons generated by the interaction of tritium beta particles on phosphor can penetrate the lattice and break these covalent bonds, thus generating an electric charge. Sensitivity of the system is further enhanced in that charge can be accumulated over an extended period of time (by increasing the exposure time). Using a system configuration which employs a CCD imager can greatly increase the sensitivity of the visual tritium detector. A CCD imager also has the advantage of being coupled to a computer, thus providing a system with potential for better quantitative measurements.
System calibration can be accomplished by configuring a tritium calibrated surface activity source under the phosphor plate. As is in the case with a tritiated tile, the beta particles impacting the phosphor fixed to the plate will generate visible light. The intensity of the light is proportional to the number of beta particles striking the phosphor which is a function of the tritium activity on the calibration source. Calibration surface activity sources are available from commercial vendors in
Figure 3. Visual Tritium Detection System
Operation of the CCD Ð computer based visual detection system employs a similar lexan observation chamber which was used in the first non CCD-computer configuration. The system is relatively easy to operate. Future plans include the fabrication of a light sealed box which will encase the sealed lexan chamber and lens of the KAF1400 CCD camera. In this configuration tile surface analysis for tritium deposition and concentration can be performed on the order of several minutes per tile.
Preliminary testing with the new system indicates that ~ 24 second exposure to the CCD camera will provide enough sensitivity to form clear images of the phosphor light emission excited by the tritium betas from the surface of TFTR tiles. In addition, since the CCD camera is interfaced to a computer, images can be compared, surfaces can be digitally mapped, and the extent of data analysis can be significantly increased.
Conclusion
The development of an optical surface tritium detection system employing phosphor provides a method to visually observe tritium deposition on the surfaces of TFTR limiter tiles, and possibly other materials. The employment of a CCD imager linked to a computer provides a tritium detection system that can be calibrated, and will significantly increase the ability to perform data analysis on the surface of materials which contain tritium.
